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Abstract It is now irrefutable that air pollution caused
by large amounts of Total Suspended Particulates (TSP)
and respiratory particulates or Particulate Matter less
than 10 μm in aerodynamic diameter (PM10) has nu-
merous undesired consequences on human health. Air
quality degradation far from the African continent, in
the US and in Europe, caused by high concentrations of
African dust, is seen as a major threat even though most
of these countries are very distant from the Sahara. Sur-
prisingly, no estimates of TSP or PM10 levels near the
Saharan dust source are available. Based on horizontal
visibility observations which are reduced by the pres-
ence of dust in the atmosphere, TSP and PM10 levels
are estimated throughout the year 2000 at Nouakchott-
Airport, Mauritania, using relations found in the lit-
erature. It appears that concentrations of particles are
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significant both in terms magnitude and frequency, as
the 24-hour PM10 thresholds established by the US EPA
National Ambient Air Quality Standards and the EU
Limits Values for Air Quality were exceeded 86 and
137 times, respectively. The average annual concentra-
tion is far above air quality standards and estimated at
159 μg m−3 for TSP and 108 μg m−3 for PM10. These
very high particulate levels are likely to represent an
important public health hazard and should be consid-
ered as a major environmental risk.
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1 Introduction
The Sahara significantly contributes to the global in-
jection of mineral dust into the northern hemisphere
(Prospero et al., 2002; Washington et al., 2003). In-
deed, it is estimated that the Sahara and its margins
inject amounts of dust varying between 600 and 900
106 tons into the atmosphere every year (D’Almeida,
1986; Marticorena et al., 1997; Callot et al., 2000). This
represents about half of annual global mineral dust pro-
duction (Ginoux et al., 2004).
Over the last decade, mineral dust has become a
major topic in environment studies. The increase of ae-
olian processes observed in most arid and semi-arid
areas of the world over the last decades is thought
to be a response to environmental stresses and global
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climate change (Tegen and Fung, 1995; Lancaster,
1996; Rosenfeld et al., 2001; Ozer, 2002).
In addition, there is growing evidence that air pollu-
tion caused by increasing concentrations of total sus-
pended particulates (TSP) and respirable particulates
(in other words those smaller than 10 μm (PM10)) have
many environmental consequences from the local to the
global scale, as well as an impact on human health. In
addition, wind-borne dust may transport bacteria and
fungi (Kellogg et al., 2004; Prospero et al., 2005) and
can be contaminated with pesticides (O’Hara et al.,
2000) or even radioactive (Papastefanou et al., 2001).
Saharan dust is often transported far away from its
sources (Middleton and Goudie, 2001). As a result,
deteriorations in air quality caused by high concen-
trations of respirable African mineral dust have been
reported in various regions at great distances from the
sources, such as the Canary Islands (Viana et al., 2002),
Spain (Baldasano et al., 2003; Rodriguez et al., 2001,
2003; Salvador et al., 2004; Vautard et al., 2005),
the United Kingdom (Ryall et al., 2002), the Mid-
dle East (Alpert and Ganor, 2001), the West Indies
(Rajkumar and Chang, 2000) and the south-eastern
United States (Prospero, 1999). Such mineral partic-
ulate matter air pollution is a serious health threat in
various regions of the world because it may promote
respiratory infection, cardiovascular disease and other
ailments (Bielders et al., 2001; Griffin and Kellogg,
2004).
High concentrations of mineral PM10 may be the
cause of morbidity and mortality. Indeed, a 7.66% in-
crease in respiratory diseases (+1.12% per 10 μg m−3
increase in PM10) and a 4.92% increase in mortality was
recorded (+0.72 per 10 μg m−3 increase in PM10) dur-
ing Mongolian dust outbreaks in Taipei, Taiwan (Chen
et al., 2004). As far as the Caribbean island of Trinidad
is concerned, African dust clouds have been associated
with increased pediatric asthma accident and emer-
gency admissions (Gyan et al., 2005). Surprisingly,
however, no measurements of ambient air pollution lev-
els near the Saharan dust sources are available (WHO,
2000; Baldasano et al., 2003).
Based on the reduction of horizontal visibility mea-
surements due to mineral dust in the air, this paper esti-
mates TSP and PM10 concentration levels at the synop-
tic station of Nouakchott-Airport, Mauritania, during
year 2000, using different relations found in the lit-
erature. Comparisons with air quality standards from
various sources are examined and discussed.
2 Data
Meteorological horizontal visibility is used through-
out the world to identify air mass characteristics. In
synoptic stations, horizontal visibility is observed on
a hourly basis and defined as the greatest horizontal
distance at which a black object of suitable dimen-
sions, located near the ground can be seen and recog-
nized when observed against a background scattering
of hydrometeors (rain, snow, fog, mist) or lithometeors
(dust processes) (WMO, 1992). At the synoptic station
of Nouakchott-Airport, 16 targets (buildings, towers,
mosques, etc.) whose distances were measured from
the point of observation are used to estimate horizontal
visibility: 6 are located within the first kilometer, 9 are
from 1 to 5 kilometers away, while only one is visible
over 5 kilometers (7.4 kilometers) from the point of
observation.
The international synoptic surface observation code
(SYNOP code, WMO, 1996) allowed the identification
of four classes of dust-related conditions:
1. dust raised from the ground at the time of the obser-
vation (SYNOP codes 07 and 08) and reducing hori-
zontal visibility to less than five kilometers (blowing
dust);
2. dust storms, resulting from turbulent wind systems
carrying particles of dust into the air, at various de-
grees of intensity (SYNOP codes 09 and 30 to 36)
and reducing horizontal visibility to less than one
kilometer;
3. dust suspended in the air but not raised from the
ground at the time of observation (SYNOP code 06);
remnants of earlier deflation events reducing hori-
zontal visibility to less than five kilometers. Dust
deposition is noticed at the time of the observation;
and
4. haze (SYNOP code 05, presumably caused by dust)
reducing horizontal visibility to less than ten kilo-
meters. In this case, no dust deposition is observed
which suggests that the dust particles have been
raised from the soil a considerable distance away.
Further detailed information on dust related con-
ditions used in the literature can be found in Ozer
(2000).
For this study, only dust processes reducing hori-
zontal visibility to five kilometers or less were taken
into account. Horizontal visibility was observed on a
three-hourly basis, that is at 03:00, 06:00, 09:00, 12:00,
Springer
Water Air Soil Pollut (2006) 178:79–87 81
15:00, 18:00, 21:00, and 24:00 UTC. Other horizontal
visibility data were not used because only one target is
available above this distance and using it may therefore
lead to imprecision in the results.
3 Methods
3.1 Relation between horizontal visibility and TSP or
PM10
Very few studies on the relation between horizontal
visibility and TSP or PM10 levels of mineral dust mass
concentration have been carried out in West Africa.
Here, we will refer to previous studies by Ben Mo-
hamed and his colleagues (1992) to estimate TSP min-
eral dust mass concentrations. These authors used hor-
izontal visibility data varying from 100 meters to 20
kilometers in seven synoptic stations of Niger, over a
period of 17 months, and associated TSP mineral dust
mass concentration measurements in order to establish
a relationship between the two parameters. The relation
is:
CTSP = 1339.84 VV−0.67 (1)
where C is the TSP concentration in μg m−3 and VV
is the horizontal visibility in km.
With regard to PM10 mineral dust mass concentra-
tions, we use D’Almeida’s (1986) correlation analysis
that links the turbidity of observed aerosols, horizon-
tal visibility and mineral dust mass concentrations. This
analysis was developed based on on a turbidity network
of 11 stations set up in the Sahara, in the Sahelian belt
and in the surrounding southern area over a period of
two years (1981 and 1982). The visibilities used range
from 200 meters to 40 kilometers and the relation ob-
tained is (r2 = 0.95):
CPM10 = 914.06 VV−0.73 + 19.03 (2)
where C is the PM10 concentration in μg m−3 and VV
is the horizontal visibility in km.
Comparative suspended mineral dust concentration
data for atmospheric dust processes linked with visi-
bility measurements are very scarce in the literature. In
Mali, Gillies et al. (1996) have reported a daily atmo-
spheric dust concentration of 13,735 μg m−3 measured
during a dense dust haze reducing visibility to less than
100 m. Chung et al. (2003b) monitored sandstorms in
Korea and found average TSP concentrations of 659
and 380 μg m−3 associated with horizontal visibility
reduced to 3 and 5 km respectively. These data are to
the same order as the values derived from the relation-
ship of Ben Mohamed et al. (1992) used in this paper.
Visibility reduced to 1.9 km during a yellow sand storm
in Kwangju, Korea, was associated with PM10 concen-
trations of 602 μg m−3. (Kim et al., 2001). For this
reduction in visibility, D’Almeida’s relation estimates
a concentration in PM10 of 591 μg m−3.
These two relationships (Equations 1 and 2) are ap-
plied to the visibility data of Nouakchott-Airport in
order to make TSP and PM10 estimates. The results
obtained are presented on a daily, monthly and yearly
scale.
3.2 Air quality regulations
Several guidelines and regulations have been adopted
to define air quality levels. The World Health Organiza-
tion (WHO) considers Guideline Values (GV), the US
Environmental Protection Agency (EPA) defines the
National Ambient Air Quality Standards (NAAQS),
and the EU labels the Limit Values for Air Quality
(LVAQ). A recent compilation of the air quality regula-
tion status around the world shows that no such criteria
exist in Africa (Baldasano et al., 2003).
For annual average TSP concentrations, the guide-
line values to which we will refer fall within a range
of 60–90 μg m−3 (WHO, 1979). With regard the PM10,
the strictest value is currently 40 μg m−3 in the EU and
in New Zealand. Elsewhere, where regulations exist,
the limit is usually 50 μg m−3. In the EU, the limit for
annual PM10 will be lowered to 20 μg m−3 in 2010.
As far as daily particulate matter is concerned, TSP
concentration has been used to monitor air quality in
developed countries during the 1980s and the 1990s
and is still used in many developing countries where
PM10 concentration measurements are not undertaken.
In the USA, a limit of 260 μg m−3 has been set that
should not to be exceeded more than once per year.
For PM10, the EU-LVAQ is the strictest, with a limit
of 50 μg m−3 that currently should not be exceeded on
35 days per year. This will be reduced to 7 days per
year from 2010. Other 24-hour standard concentration
limits range from 100 to 150 μg m−3 (Baldasano et al.,
2003). In the USA, the EPA-NAAQS established that
a 150 μg m−3 threshold should not be exceeded more
Springer
82 Water Air Soil Pollut (2006) 178:79–87
Table 1 US EPA Air Quality Index (AQI), associated 24-hour PM10 (μg m−3) concentration, and health effects (US-EPA, 1999)
AQI category AQI values PM10 (μg m−3) Health effects
Good 0–50 0–54 None
Moderate 51–100 55–154 None
Unhealthy for sensitive groups 101–150 155–254 Increasing likelihood of respiratory symptoms and aggravation
of lung disease, such as asthma
Unhealthy 151–200 255–354 Increasing likelihood of respiratory symptoms and aggravation
of lung disease, such as asthma; possible respiratory effects
in general population
Very unhealthy 201–300 355–424 Significant increase in respiratory symptoms and aggravation of
lung disease, such as asthma; increasing likelihood of
respiratory effects in general population
Hazardous >300 >424 Serious risk of respiratory symptoms and aggravation of lung
disease, such as asthma; respiratory effects likely in general
population
that once per year, averaged over 3 years. In addition
to these daily limits, the US EPA developed the Air
Quality Index (AQI) as a tool to provide people with
timely and easy-to-understand information on local air
quality and whether it poses a health concern (US EPA,
1999). As shown on Table 1, the AQI scale has been
divided into six categories, each corresponding to a
different level of health concern. The two first AQI
categories (good and moderate, <155 PM10 μg m−3)
have no impact on health, while the last AQI cate-
gory (hazardous, >424 PM10 μg m−3) is associated
with a serious risk of respiratory symptoms and ag-
gravation of lung disease, such as asthma, for sensitive
groups and with respiratory effects likely in the general
population.
Estimated TSP and PM10 concentrations will be
systematically compared with threshold values es-
tablished by WHO-GV, US EPA-NAAQS or EU-
LVAQ.
4 Results
4.1 Daily particulate matter concentrations due to
Saharan dust
Figure 1 shows the estimated profiles of mean daily TSP
and PM10 concentrations due to mineral dust processes
at Nouakchott-Airport throughout the year 2000. Hori-
zontal lines indicate the thresholds established for daily
concentrations. The greatest number of days with low
air quality occurred from January to April. These four
months account for 73% of the yearly number of days
above the former US EPA-NAAQS TSP regulation,
and 59 and 72% of the yearly number of days above
the 24-hour EU-LVAQ and the US EPA-NAAQS PM10
regulations, respectively. Two days with an extremely
high density of particulate matter are observed on Jan-
uary 28th and 29th with TSP concentrations of 2630
and 2108 μg m−3 and PM10 concentrations of 1942 and
1531 μg m−3, respectively.
Such very high concentrations are not uncom-
mon during very dense dust storms. In the inland
Niger delta region of central Mali, Gillies and his
colleagues (1996) have reported a daily atmospheric
dust concentration of 13,735 μg m−3 measured dur-
ing a dense dust haze. At Beijing, China, daily TSP
concentrations greater than 4000 μg m−3 were ob-
served during an explosive sandstorm (Chung et al.,
2003a). As regards daily PM10, Chung and his col-
leagues (2003a) recorded a 1779 μg m−3 concentration
in Chongwon-Chongju, Korea. Meanwhile, in Beijing,
PM10 concentrations above 1000 μg m−3 were reported
during dust storms (Fang et al., 2003). Finally, PM10 air
concentrations exceeding 1800 μg m−3 was measured
in Kuwait during severe dust storms (Draxler et al.,
2001).
The distribution of the number of days with selected
pollution gradients is presented in Fig. 2. It shows that
74 days (20.3%) presented TSP concentrations above
260 μg m−3, the former US EPA-NAAQS TSP regula-
tion (Fig. 2a). At higher levels, 34 days (9.3%) present
an average 24-hour TSP concentration greater than
500 μg m−3.
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Fig. 1 Variations of
estimated daily mean
concentrations of TSP and
PM10 (μg m−3) due to
Saharan dust events at
Nouakchott, Mauritania, in
2000
Fig. 2 Distribution of the number of days with selected pollution gradients (μg m−3) in TSP (left) and PM10 (right)
Frequency distribution of estimated daily PM10 con-
centrations at Nouakchott-Airport are shown in Fig.
2b. Results suggest that only 62.5% of the days were
free from mineral dust. Air quality deteriorated dur-
ing all of the other 137 days, with 51 days in the 50-
150 μg m−3 range. Compared to the threshold of daily
PM10 concentrations established by the EU-LVAQ, the
number of polluted days is about four times greater
than the permitted number of days with >50 μg m−3,
and 20 times higher than the legislation on air quality
that shall enter into force by 2010. When the US EPA-
NAAQS is used, 86 days exceed the 150 μg m−3 limit
value.
Compared to the US EPA-AQI, 29 days (7.9%) may
be considered as unhealthy for sensitive groups, 19
days (5.2%) as unhealthy, 13 days (3.6%) as very un-
healthy and 22 other days (6.0%) may be qualified as
hazardous. A total of 22.7% of the days were therefore
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Fig. 3 Monthly concentration in TSP and PM10 (μg m−3) at Nouakchott-Airport during 2000
likely to impact human health in Nouakchott during
the year 2000 because of the high frequency of mineral
dust processes.
4.2 Monthly and seasonal TSP and PM10 values due
to Saharan dust
Monthly TSP and PM10 values estimated at Nouak-
chott-Airport for 2000 are presented in Fig. 3. Re-
sults show that air quality degradation due to Saharan
dust varies a great deal throughout the year. A maxi-
mum value is recorded during the months of January to
March which concentrate 61% of annual mineral dust
air pollution. Monthly values are above 300 μg m−3
and 200 μg m−3, with a maximum concentration ob-
served in February: 497 μg m−3 and 344 μg m−3 in
TSP and PM10, respectively. A decline in dust activity
then starts in April (227 μg m−3 and 153 μg m−3 in TSP
and PM10) and remains relatively low (<60 μg m−3
in PM10) from May to November, with a minimum
value in August (27 μg m−3 and 18 μg m−3 in TSP and
PM10). December shows an increase in dusty days and
gives monthly values of 150 μg m−3 and 101 μg m−3
in TSP and PM10. A similar monthly pattern of esti-
mated TSP and PM10 concentrations has been observed
in Niamey, Niger, where the January to March period
represents 65% of annual mineral dust air pollution,
with monthly values ranging from 230 to 330 μg m−3
in TSP and from 160 to 200 μg m−3 in PM10 (Ozer,
2005).
Similarly high monthly PM10 concentrations (100 to
200 μg m−3) were measured in Iraq, Kuwait and Saudi
Arabia during the dust season (Draxler et al., 2001).
On the Aral Sea shore, monthly PM10 concentrations
up to 400 μg m−3 were reported in August, the most
intense sand storm period (Wiggs et al., 2003).
4.3 Annual TSP and PM10 values due to Saharan dust
The annual mean estimated TSP concentration is 159
μg m−3 at Nouakchott-Airport in 2000 for natural dust
exposure only. This figure is twice as high as the an-
nual WHO guideline value of 60–90 μg m−3 (WHO,
1979). It is also slightly higher than the 137 μg m−3
mean annual TSP concentration measured in Accra,
Ghana, the only comparable information available for
West-Africa (Baldasano et al., 2003). However, when
compared to mean annual values of TSP available else-
where in the world, our data is systematically below
the measurements made in large Asian cities of China,
India, Indonesia and Iran, as well as in few cities of
South America (Baldasano et al., 2003).
In relation to PM10 concentration, our calculations
yield a value of 108 μg m−3 in 2000. This figure is
far above the norms adopted in developed countries.
It is twice the threshold value established by the US
EPA-NAAQS and five times higher than the limit of
the EU-LVAQ yearly mean PM10 concentration that
shall enter into force by 2010. No comparison can be
made with other African data as no measurements are
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available from the recent compilation of air quality data
realized by Baldasano et al. (2003). However, the esti-
mated annual mean PM10 concentration from visibility
impairments in Niamey, Niger, was 67 μg m−3 in 2003
(Ozer, 2005). From other annual mean PM10 concen-
trations reported by Baldasano et al. (2003), only the
city of Tegucigalpa, Honduras, exceeds the Nouakchott
value, with 157 μg m−3. It is worth mentioning here
that no records of PM10 concentration are available in
arid regions from developing countries.
Such values do not estimate the urban air pollu-
tion of the city of Nouakchott where the activities of
a rapidly growing urban population (558,000 inhabi-
tants in 2000 against 135,000 in 1977, WWW1) pro-
duce large quantities of particulate matter. This urban
air pollution mainly results from increasing traffic of
old and badly maintained vehicles on sandy roads, and
from individual fires for cooking purposes.
5 Conclusions
The results presented in this study give a first estima-
tion of the impact of mineral dust resulting from aeo-
lian processes on air quality degradation in Nouakchott,
Mauritania, throughout the year 2000. A mean annual
TSP concentration of 159 μg m−3, largely above the
WHO-GV, is alarming since only natural particulates
are considered. A similar conclusion can be drawn for
the mean annual PM10 concentration of 108 μg m−3
which dramatically exceeds all various norms estab-
lished in developed countries. Daily PM10 concentra-
tions exceeded 1500 μg m−3 on two occasions in 2000.
The EU-LVAQ 24-hour limit for PM10 concentration
(>50 μg m−3) was exceeded on 137 days. This is about
20 times higher than the limit outlined in the legislation
on air quality that shall enter into force in the EU by
2010. The 150 μg m−3 limit value established by the
US EPA-NAAQS was exceeded 86 times, with 22 days
that may be qualified as hazardous according to the US
EPA-AQI.
Developed countries are building up strategies in
order to reduce air pollution. However, most African
countries have neither air quality regulations, nor the
tools to monitor air pollution. It is widely accepted that
acute respiratory infections among children are one of
the major causes of mortality in developing countries,
especially in Africa (Black et al., 2003; Romieu et al.,
2002; Smith et al., 1999). However, no studies on the
impact of mineral dust concentrations on human health
have been carried out in West Africa due to the lack of
air quality data. Estimations of TSP and PM10 concen-
trations derived from horizontal visibility observations
could be a first step in realizing such studies.
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